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CLAIMS '^'^'Ml^y 

What is claimed is: 'HfT/ 34/\[^^Q'^ 

1 .A method for multiline transmission, comprising: 

calculating eigenvalues to maximize equalized channel impulse response; 

identifying eigenvectors associated with dominant eigenvalues; 

combining the eigenvectors into a subspace; and 

performing optimization over the subspace to calculate subspace time equalizer 
coefficients. 
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AMENDED CLAIMS 
[received by the International Bureau on 12 November 2003 (12. 1 1 .03); 
original claims 1 replaced by am^ded claims 1-72 (13 pages)] 

1 . A method, con^nsing toitigatiJig spectral leakage in DMT (Discxtie Multi-Tone) 
iBceiyers, wherein mitigaiing spectral leakage comprises desigqing a receiver window to 
reduce edge effects of an IFFT/EFT tcansfoimation. 

2. The method of claim 1 , further comprising: designing a shspe of the receive 
window by maxfanizing a bitrate of a DMT system for a givai set of disturber 
environments. 

3. The method of claim 1, further cotDprising: determiTiing a l^gih of the receiver 
window by maximizmg a bitrate of a DMT system for the ]^ven set of disturber 
environments. 

4. The method of claim 1, fhrfher comprising: 

applying the recdver window to a received signal in a time domain; and 
using a FFT to convert the received signal into a finequency-^omain symbol. 

5. The method of claim 4, wherein the shape of the xecdva window is linear. 

6. The method of claim 4> wherein the length of the receiver window is between 5 
and 20 samples. 

7. The method of claim 4, further comprising reducing the length of the receiver 
vs^indow by not including 0 as a first coefficient or 1 as a last coefficient in receiver 
window coefScients. 

8* The method of clahn 7, further comprising: 

multiplying samples in a last part of a prefix of the received signal by the receiver 
window coefficients to generate a first result; 

multiplying the samples in the last pare by the receive window coefficients 
subtracted fi:om 1 to generate a second result; and 

adding the first result and second result to garjerate modified samples; and 
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substituting die modified samples into the last part of fhe received sigoal. 



9. 



Ttus mcthud uf ulaiiu 1, riudicx M^uipii^iAg u£in& tbc receiver ^vtrindov^ in a 



tuultiline coxxununications ss^stexn havfng niiiltiple twisted copper pairs as a sringle 
multiline cominumcations channel^ and physical-layer sigoals coordinated across 
multiple transmitters and/or across mult^le receivers. 

10. The mediod of claim 9, farther coxnprising using the receiver i^dow to mitigate 
spectral leakage across one or more frequency bins and across one or more receivers of 
the multiline communications system. 

1 1 . The method of claim 9, further comprising determimng a shape of tibie receiver 
window by maxhnizing a bitrate of a DMT system for a given set of disturber 
CTiviromnCTts. 

12. The method of claim 9^ determining a length of fhe receiver window by 
maximizing a bitrate of a DIMTT system for the given set of disturber environments. 

13. The method of claim % further comprising: 

spplying the receiver window to a received signal in a time domain; and 
using aFFT to conv^ the received signal into a fiequency-domain symboL 

14. The method of claim 13, wherein fhe sh^e of the receiver window is linear. 

J S. Tla^ xB^tlxod. ^£ olAim 13^ wlaeMUi ih/» l^rngth, <s£ fixe r&o^ivm tvxiadow ie h^stm^im 

and 20 samples. 

window by not including 0 as a first coefficient or 1 as a last coefEdeot in recover 
window coefficients. 

1 7. The method of claim 13, further comprising: 

multiplying samples in a last part of a prefix of the received signal by the receiver 
window coefSci^t$ to generate a first result; 

multiplying the samples in the last part by the receiver window coefficients 
subtracted from 1 to g^erate a second result; axul 
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adding fee first result and second result to generate modified samples; and 
substituting the modified sample into the last part of the received signal. 

18. A method, cxnnptising: 

mitigating crosstalk betv^een multiple lines of a multiline communications 
system, conqirisingusiag aSpper scheme, including aprefix and su£Sx, to synchronize 
transndtters and receivers across the multiple lines of the multilme coimnumcations 
system, wherein the multiline communications system has multiple twisted copp^ pairs 

across multiple transmitters and/or across multiple receivers. 

19. The method of claim 18, further comprising: 

using a transmission sdbieme with non-overlapped upstream and downstream 
spectra; and 

mitigating self-echo to eadi receiver of the two or more receivers using the 
Zipper scheme, wherein the self-echo is caused by a transmitter corresponding to each 
receiver of the two or more receivers due to spectral leakage fiom an upstream fiequency 
band into adownstream freqiiency band and vice versa. 

20. The method of claim 18, fiirtibier comprisu;^ 

naxtig^ting self-crosstalk to each of the one or more receivers of the multiline 
communications ^stem usi^g the Zipper scheme; and 

udlizing a transmission scheme with non-overlapped upstream and downstream 
^ectra with the multiline communications system, 

wherein the self-crosstalk is caused by one or more transmitters, and by spectral 
leakage frcon an upstream fiequency band into a downstream fiequency band and vice 
versa. 

2 1 . The method of claim 18, further comprising: 

nutigating self-^cho to each of the one or more receive of the multiline 
commimications systmi using the Zipper scheme; and 

utilizmg a transmission scheme with overlapped upstream and downstream 
spectra with the multiline cormnunications system. 
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versa. 



22. The method of claim 21, wh»eiii naitigatiBg self-echo comprises using a 
fiequCTcy-domaxa digital echo cancellearin each ofihe one or more receivers oftibie 
roidtaine coommumrations system, wherein the digital echo cancell^ comprises one 
single-t^ echo cancellation filter in each of the firequency bins of the one or more 
frequency bins that are used by each receiver of the two or more receivers and are 
located in an overl^ped part of tiie upstream band and downstream frequency band. 

23. The method of claim 18, further comprismg: 

mitigating self-ciosstalk to each i^eivor of the one or more receivers of the 
mxiltiline commuuicadons $3fstem using the Z^er scheme; and 

utilizing a transmission scheme with overlapped i^stream and downstream 
spectra wiib the nmltilme communications system, 

whraein the self-crosstalk is caused by one or more transmittexs, and by overlap 
of an tqpstream frequency band and downstream frequency band. 

24. The method of claim 23, fiirther con^rising: 

mitigating the self^osstalk by using a frequency-domain vector digital crosstalk 
canceller in each receiver of tibe two ore more receive of the multiline conmiunications 
system, wherein the vector digital ax>ssteilk canceller comprises a set of single-tap 
crosstalk cancellation filters in each frequency bin of the two or more frequency bins that 
are used by each receiver of the two or more receivers and are located in the overl^ed 
rpstream and downstream frequency spectra, where liiere is one less single-tap crosstalk 
cancellatian filter than transmitters of the multiline conununicacions system. 

25 . A system, con5)ri$ing means for mitigating spectral leakage in DMT (Discrete 
Multi-Tone) receivers, wherein mitigatiug spectral leakage comprises means for 
designing a recover window to reduce edga efrects of an JLFFT/FFT transformation. 
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26. The system of claim 25, finfher comprising means for designing a shape of the 
receiver window by maximizing a bitrate of a DMT system for a gfven set of disturber 
environments. 

27. The system of claim 25. fixrth^ compiising means for detemnmng alengdi of the 
receiver window by maximizing a bitrate of a DMT system &x the given set of disturber 
environments. 

28. The system of claim 25, furth^ compiising: 

means for applying the receiver window to a received signal in a time domain; 

and 

means for using a FFT to convert the received signal into a firequeocy-domaia 
symbol- 

29. The system of claim 28, wherein £he shape of tiie receiver window is linear. 

30. The system of clahn 28, wherem the length of the receiver window is between 5 
and 20 samples. 

31 « The sy^em of claim 28, forth^ compri^g means for reducing the length of the 
receiver window by not including 0 as a first coefSciCTt or 1 as a last coefficient in 
receiver window coefficients. 

32. The system of claim 31, further comprising: 

means for multiplying sanqiles in a last part of a prefix of the received signal by 
the receiver window coefficients to generate a first result; 

means for multiplying the samples in the last part by the receiver window 
coefficients subtracted fit>m 1 to generate a second result; and 

means for adding the first result and second result to generate modified samples; 

and 

means for substituting the modified samples into the last part of the received 

signal. 

33. The system of claim 25, further comprising means for using the receiver window 
in a multiline conununications system having multiple twisted copper pairs as a single 
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multiline communications channel, and physical-layer signals coordinated across 
vnnitipift tranimitterB and/or across multiple receivers. 



receivers of the xxmltiline communications system. 

35, The system of claim 33, turther compnsmg means lor acicmiUiJUi^ a aiiapx? ur tuw 



environments. 

36. The system of claim 33, means for detemiining a length of the receiver window 
by maximizmg a bitrate of a DMT system for the given set of disturber environments. 

37. The system of claim 33, furthar comprising: 

means Sot applying the receive window to a received signal in a time domain; 

and 

means for using a FFT to convert the received signal into a frequency-domain 
symbol. 

3S. The system of claim 37, wherein the sh^e of the receiver window is linear. 

39. The system of claim 37, wherein the length of the receiver window is between 5 
and 20 samples. 

40. The system of claim 37, further con:q>rising means Sar xeducing the length of the 
receiver window by not including 0 as a first coefficient or 1 as a last coefQci^t in 
receiver window coefi5ci«ats. 

41 . The system of claim 37^ further comprising: 

means for multiplying samples in a last part of a prefix of the received signal by 
the receiver window coef&ci^tits to generate a first result; 

means for multiplying the samples in the last part by the receiver window 
coefficients means for subtracted fiom 1 to generate a second result; 



34, TTie system of claim 33, iuxther conxpnsing means for using the receivfia: window 
to noitigpte spectral leakage across one or more ficequency bins and across one or more 



receiver window by miaximizing a bitrate of a DMT sj^em for a given set of disturber 
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means for adding tbe Sxst result and second result to generate modified samples; 



42« A system, compiising: 

means fox mitLgatmg crosstalk between multiple lines of a multiline 
commumcations system, comprising means for using a ^pp^ scheme, including a prefix 
and sujBEx, to syncliionize transmitters and receivers across the multiple lines of the 
multiline conxmumcations system, wherein the multiline communications system has 
multiple twisted copper pairs as a smgle multiline communications channel, and 
physical-layer signals coordinated across multiple transmitters and/or across multiple 
receivers. 

43. The s;ystem of claim 42, finlhw comprising: 

naeans for using a transmission scheme with nonroverlq^ed upstream and 
downstream spectra; and 

means for mitigating self-echo to each recdver of the two or more receivers using 
fbe 2Spper schfflie, wherein the setf-echo is caused by a transmitter coir^onding to 
each receiver of the two or mo:re receivers due to spectral leakage &om an upstream 
frequency band into a downstream fireqoency band and vice versa. 

44. The system of claim 42, further comprising: 

means for mitigating self-crosstalk to each of the one or more receivers of the 
multiline communicatilons system using the Zipper scheme; and 

means for utilizing a transmission scheme with non-overl^iped upstream and 
downstream spectra with the multiline communications syst^, 

wherein the self-crosstalk is caused by one or more transmittei^, and by spectral 
leakage firom an iqpstrram frequency band into a downstream frequency band and vice 
versa. 

45. The systOTi of claim 42, further comprising: 

means for mitigating self^echo to each of the one or more receivers of the 
multiline communications system using the Z^per sdiem^ and 



and 



means for siibstitijtxDg the modified sainples into the last part of the recdved 



signal. 
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means for utilizing a transxnission scheme wiflx ov^Iapped upstr^m and 
downstream spectra with ibe multiline communications system, 

wherein the self-echo is caused by one or more tmnsmitters, and by spectral 
leakage fiom an upstream frequency band intn a downstream ireqaency band and vice 
versa. 

46. The system of claim 45, wherem means for mitigating self-echo conqxrises means 
for using a fiequency-domain digital echo cancell^ in each of the one or more receivers 
of the multiline communications system, wherein tbe digital echo canceller comprises 
one siag|e-t2^ echo cancellation filt^ in each of the frequency bins of the one or more 
frequency bins that are used by each receiver of tibie two or more receivers and are 
located in an overlapped part of the uqpstream band and downstream frequency band, 

47. The system of clahn 42, fruiher comprising: 

means for mitigating self-crosstalk to each receiver of tiie one or more receivers 
of the multiline communications system using fhe Zipper scheme; and 

means for utilizang a transmission scheme with overlapped ij^stream and 
downstream spectra with the mtdtiline communications system, 

wherem ihe self-crosstalk is caused by one or more trananittears, and by overlap 
of an upstream frequency band and downstream frequency band. 

48. The syst^ of claim 47, further comprising: 

means for mitigating the self-msstalk by using a frequency-domain vector 
digital crosstalk canceller in each receiver of the two ore more receive of the multiline 
communications system, wherein the vector digital crosstalk canceller comprises a set of 
single-tap crosstalk canceUalion filters in each fiiequency bin of the two or more 
frequency bms that are used by each receiver of fhe two or more receivers and are 
located in the overlapped upstream and downstream frequency spectra, v^ere there is 
one less single-t^ crosstalk cancellation filter than transmitters of the multiline 
conmiunications system. 

49. A computer readable medium, having stored thoeon compute-readable 
instructions, which when executed in a computer system, cause fhe compute system to 
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mitigate spectral leakage in DMT (Discrete Multi-Tcme) receivers by using a receive 
window to reduce edge effects of an IFFT/FFT transformation. 



DMT systotn for a ^ven set of distazber environments. 

51 . The computer readable medium of claim 49, further having stored thereon 
computer-readable instructions, which when executed in the computer system, cause the 
computer system to determine a length of the receiver v^dow by maximizing a bitrate 
of a DMT sj^em for the given set of disturber environments. 

52- The computer readable medium of claim 49, further having stored thereon 
computer-readable instructions, which when ^ecuted in ^e conq>uter system, cause the 
compute: system to: 

^ply the receiver window to a received signal in a time domain; and 
use a FFT to convert the received signal into a frequency-domain symbol. 

53. The computer readable medium of claim 52> wherein the shape of the receiver 
window is linear. 

54. The computer readable medium of claim 52 wherein tibie length of the receiver 
window is between 5 and 20 samples, 

55 . The computer readable medium of claim S2> further having stored thereon 
computer-readable instructions, which when executed in the compvter system, cause the 
computer system to reduce the length of fhe receiver window by not including 0 as a first 
coefScient or 1 as a last coefficient in receive window coefficients. 

56. The computer readable medium of claim 55, furflier having stored thereon 
computer-readable instructions^ which when executed in the compute system, cause the 
computer system to: 

multiply samples in a last part of a prefix of the rec^ved signal by the receiver 
window coefScients to generate a first result; 



50. The computer readable medium of claim 49, fiulfa^ having stored thereon 
computer-i^dable instructicms, which "When executed in the computer system, cause the 
compute system to design a shape of the receiver window by maximizing a bitrate of a 
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Lultiply the samples in tiiie last pait by ttie receiver window coefficients 



subtracted firom I to generate a second result; 

add tihe firet result and second r^ult to generate modified samples; and 
substitute the modified samples into the last part of the received signal. 

57. The cojnimter readable medium of claim 49, further having stored thereon 
computer-readable instructioiis, which when executed in die oon^uter system, cause the 
computer system to use fixe receiver window in amultilme communications system 
having multiple twisted copper pairs as a single multiline communications channel, and 
physical-layer signals coordinated across multiple transmitters and/or across multiple 
receivers. 

58. The computer readable medium of claim 57^ fbrther having stored thereon 
computer-readable instructions, which when executed in the con^>uter system, cause the 
compute s^tem to use the receiver window to mitigate spectial leakage across one or 
more firequency bins and across one or more receive of the multiline communications 



59. The computer readable medium of claim 57^ fiirther having stored fhereon 
computer-readable instructions, which when executed in the computer system, cause the 
computer system to determine a shape of the recover window by maximizing a bitrate of 
a DMT s^em for a given set of disturber environments* 

60. The computer readable medium of claim 51^ fiirther having stored tiiereon 
computer-readable instructions, which when executed in the computer system, cause the 
computer system to detemiine a length of tiie receive window by maxitnizing a bitrate 
of a DMT system for the given set of disturber environmepts. 

6 1 . The computer readable medium of claim 57, further having stored thereon 
computer-readable instructions, which when executed in the computer system, cause the 
computer system to: 

apply the receiver window to a received signal in a time domain; and 
use a FFT to convert the received signal into a frequency^omain symbol. 



system. 
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62. The compuler readable medium of claim 61, wheiein fhe shape of the receiver 
vondow is linear. 

63. The conq>iiter readable medium of claim 61, whec^ the length of the receiver 
vnndow is betv^een 5 and 20 samples. 

64. The computer readable medium of claim 61, fiirth^ having stored thereon 
computear-ieadable instructions^ which when executed in the computer system, cause the 
computer system to reduce the l«igth of the receiver window by not including 0 as a first 
coefficient or 1 as a last coejQBcient in receive window coeffici(^ts. 

65. The compute readable medium of claim 61, finther having stored thereon 
computer-readable instructions, which when executed in the computer system, cause the 
computer system to: 

multiply samples in a last part of a prefix of the received signal by the receiver 
window coefficients to generate a first result; 

multiply the samples in the last part by the receiver window coefficients 
subtracted firom I to generate a second result; and 
add the first result and second result to gmerate modified samples; and 

substituting the modified samples into the last part of the received signal. 

66. A computer readable medium, havmg stored thereon computer-readable 
instnictionSj, which when executed in a con^iuter system, cause the computer system to: 

mitigate crosstalk between multiple lines of a multiline communicalions system 
by using a Zipper scheme, including a prefix and suffix, to synchronize transmitters and 
receivers across the multiple lines of the multiline communications system, wherein the 
multiline communications system has multiple twisted copper pairs as a single multiline 
communications channel, and physical-layer signals coordinated across multiple 
transmitters and/or across multiple receivers. 

67. The computer readable medium of claim 66, finther having stored thereon 
computer-readable instructions^ which when executed in the computer system, cause the 
computer system to: 
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use a transmission scheme with non-ov^diapped upstrram and downstream 
spectra; and 

mitigate self-echo to each receiver of the two or more receivers usiag the Zipper 
scheme, whopem the self^ho is caused by a transmitter corresponding to ^ch receiver 
of the two or more receivers due to spectral leakage from an iq>stream frequency band 
into a downstream frequency band and vice versa. 

6S. The computer readable medium of claim 66, fuxtiber having stared thereon 
computer-readable instmctions^ which when executed in the computer system, cause the 
computer system to: 

mitigate self<:ro^talk to each of the one or more receivers of the multiline 
communications system using the Zipper sch^e; and 

utilize a transmission sdieme with non-overlapped upstream and downstream 
spectra with the multiUne communications system, 

wherein the self-crosstaHc is caused by one or more transmitters, and by spectral 
leakage from an upstream frequency band into a downstream frequency band and vice 
versa. 

69. The computer readable medium of claim 66, further having stored thereon 
computer-readable instractions, which when executed in the computer system, cause the 
computer system to: 

mitigate self-echo to each of the one or more receivers of the multiline 
communications system using the Zipper scheme; and 

utihze a transmission scheme with overlapped upstream and downstream spectra 
with the multiline commurucations system, 

wherein the self-echo is caused by one or more transmitters, and by spectral 
leakage from an upstream frequency band into a downstream ftequency band and vice 
versa. 

70- The cotr^uter readable medium of clahn 69, further having stored thereon 
computer-readable instmctions, which when executed in the comp^Iter system to mitigate 
self-echo, cause the computer system to use a firequency-domain digital echo canceller in 
each of the one or more receivers of the multiline communications system, wherein the 
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digital edio canceller comprises one single-t^ echo cancellatioti filter in each of the 
frequency bins of the one or more frequency bins that are used by each receiver of the 



two or more receivers and are located in an overlapped part of the wpttxeam band and 



71 . Hie computer readable medium of claim 66, further having stored ibereon 
computCT-readable instructions, which when executed in the computer system, cause the 
computer system to: 

mitigate self-ax>5sta]]c to each receiver of the one or more receivers of the 
multiline communications system using the Zipper scheme; and 

utilize a transmission scheme wiA overlapped upstream and downstream spectra 
widi the multiline conmiimications system, 

wherein the self-crosstalk is caused by one or more transmitters, aud by overly 
of an upstream frequency band and downstream frequency band. 

72. The computer readable medium of claim 71 » further havix^ stored thereon 
computer-readable instructions, which wfa^ executed in the computer system^ cause the 
computer system to: 

mitigate the self-crosstalk by using a frequency-domain vector distal crosstalk 
canceller in each receiver of the two ore more recdvers of the multilme communicatibns 
system, wherein the vector digital crosstalk canceller comprises a set of single-tap 
crosstalk cancellation filters m each frequency bin of the two or more frequmcy bins that 
are used by each receiver of the two or more receiveES and are located in the overlapped 
upstream and downstream frequency spectra, where there is one less single-tap crosstalk 
canceUation filter than transmitters of the multiline communications system. 



downstr^m fi^equency band. 
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